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Abstract 

We introduce some (anti) M/D-branes through turning on some 4- form field-strengths for 
eleven- and ten-dimensional supergravity theories over AdS/ixMj\Q spaces, where we use S'^ /Z^ 
and CP^ for the internal spaces. Indeed when we add M2/D2-branes on the same directions 
with near horizon branes of Aharony, Bergman, Jafferis and Maldacena model, all symmetries 
and supersymmetries are preserved trivially. In the case we gain a localized object just in 
the horizon. This normalizable bulk massless scalar mode is a singlet of SU{4) x f/(l) and 
5*0(8) and also agrees to an exactly marginal boundary operator of the conformal dimension 
of A+ = 3. However, after performing a special conformal transformation we see the solution 
is localized in all Euclidean AdS^ space and is attributable to the thought anti M2 /D2-branes 
adding also necessary to ensure there is no back-reaction. The resultant theory now breaks 
all A/" = 8, 6 supersymmetries to A/" = 0, while other symmetries are so preserved. The dual 
boundary operator then set up from a skew-whiffing of the representations 8^ and 8^ for 
supercharges and scalars respectively while the fermions remain fixed in 8c of the original 
theory. Besides, we also address another alternate bulk to boundary matching procedure 
through one of the gauge fields of the full U{N)k x U{N)_k gauge group in same fines with 
similar situation faced in AdS5/CFT4 correspondence. The latter approach covers the already 
met obstacle of the bulk-boundary matching procedure for /c = 1, 2 as well. 
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1 Introduction 



In some recent studies P, [2], [3], |1] we explored more on the vacua of the Aharony, Bergman, 
Jafferis and Maldacena (hereafter ABJM) model [5] as by now the best well-conjectured model 
of AdS4/CFT3 duality or M2/D2-brane theory. The main class of solutions we have been 
looking for are Solitons and Instantons. The instantons we look for defines as solutions to 
the classical equations of motions (EOM hereafter) of the Euclidean space with nonzero finite 
actions so there are some saddle points contributing to the phase integral with sharing non- 
perturbative corrections to the main action. The manner we use is turning on some fluxes 
via the form field strengths, while we try to keep the original ABJM background fields and 
geometry [5] unaffected. The arisen effects may be considered as coming because of giving 
some dynamics to the original branes or as adding or embedding new branes. 

We first found a kind of M-brane instanton Indeed, by making use of some ansatzs 
for 4-form field strength and EOM's of eleven-dimensional (lid hereafter) supergravity over 
AdS4^ X 5"^ when S'^ is considered as a fiber on CP^, we arrived in a localized object in 
bulk of AdS^. The corresponding irrelevant boundary operators of the conformal dimension 
Azp = 1,2 with the bulk tachyonic fields were surveyed. Then, to adjust the bulk and boundary 
theories we were forced to exchange the representations 8^ and 8c for supercharges and spinors 
of the ABJM model, respectively. The resultant theory then was for anti M2-branes. With 
turning on the singlet fermi filed next to just the f/(l)'s parts of the full gauge group, the 
fitted dual boundary solution with finite action was also obtained. 

The second exact solution was for U{1) instantons [2]. Turning on some gravity field induced 
some magmatic fluctuations on the boundary theory. For these massless gauge fileds in the 
bulk of AdS^, dual boundary operators of the dimensions of = 1,2 were now constructed 
just from f/(l) X f/(l) gauge fields. That solution was indeed a DO-instanton on the background 
D2-branes. Electric-magnetic duality in the case and adjusting bulk-boundary solutions were 
also referenced, while another related viewpoint on the issue next to an uplift of the solution 
to lid was performed in [5]. 

Next, we arrived in a new fully localized solution in Euclidean AdS^ (EAdSi) [1]. That is 
a pseudo-scalar coming from anti D4(M5)-branes their world- volumes are warping on five (six) 
directions of CP^ {S"^ /Z^). Actually, the field strength to which the brane couples is a 6(7)- 
form written in terms of the nontrivial one-form u on CP^. The gravity ansatz is SU{A) xU{l)- 
invariant and the massless pseudo-scalar therein exists in already known spectrum of lOd (lid) 
supergravity over the associated space when, of course, S'^/Zk is considered as a U{1) fiber- 
bundle on CP^ [6]. Meanwhile, the solution breaks supersymmetries and supercharges have 
to be in 8c or 8^, in contrast to ABJM. This means the resultant theory is again for anti- 
membranes because of adding the supersymmetry breaking anti-branes. To adjust boundary 
to bulk we swap the representations 8^ and 8c of supercharge and spinors of the ABJM model 
similar to [I]. The boundary marginal operator of the conformal dimension A+ = 3, associated 
with normalizable bulk mode, have same structure as the terms in SU{4) x U{1)- invariant 
action of ABJM first presented in [S] and [7], explicitly. By analyzing the behavior of bulk 
mode near to the boundary and making use of the bulk-boundary duality rules [H], [S] we 
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determined the matching field theory solution and comment on other related issues as well. 
It is mentionable that to arrive in a clear bulk solution we needed to turn on some scalars, 
fermions alongside U{1) parts of the completed gauge group. There we also discuss on the 
uplift of ansatz to 11-dimension and argue that our solution is not at least valid for k = 1,2, 
where the R-symmetry is enhanced to 5*0(8). Another interesting hint was that we could use 
the boundary gauge fields to find the associated solution to the bulk one. With that, we could 
say that our instanton solution may be the best counterpart for lOd type IIB supergravity 
one over AdS^ x 5*^ versus 4d A/" = 4 SU{N) Yang-Mills theory [10], [H]. In the current note 
we continue the lines of study forward. 

The instanton solution in the bulk here is almost of same structure with |1] except some 
subtle points. The first one is while the 6-form and associated bulk equation in former case 
was not invariant under conformal transformation, the 4-form ansatz here in lOd and lid 
supergravities over 74^5*4 x CP^ and S"^ /Zk respectively are conformal invariant. Indeed we find 
some massless scalar solutions whose conformal transformation or their skew-whiffing go to the 
bulk solution in [1]. The basic solutions here preserve all super symmetries while the associated 
D2/M2-branes are added on same directions as the original ones in near horizon limit of 
ABJM. The conformably transformed or skew-whiffed versions break all supersymmetry as 
expected, except when the internal space is S'''. Other symmetries are simply preserved and 
the associated boundary operator is then exactly marginal. An important point is that to not 
faced with back-reactions because of the added effects, our special conformal transformation 
(or the special skew-whiffing) is essential. 

On the other hand, we know the massless scalars are in representation 35^, — )■ 15o©102®10_2 
of 5*0(8) — )■ SU{A) X f/(l) in the original ABJM presentation. So the uncharged scalars sit in 
ISq. Nevertheless, one may build the needed S'f/(4)- invariant U{1)- natural dimension-three 
operators form the associated scalars in 8^, = 4i © 4_i to adjust with the bulk mode. Still 
the main and of course interesting solution is the special skew-whiffed one. For the latter 
case, we must again exchange the representation 8^ with 8c or 8i, in ABJM. The best one 
here will be 8^ — ?■ 8^ = I2 © I-2 © 60 while the fermions remain in 8c = 4_i © 4i unchanged. 
Upon this, the scalars now sit in 35„ — )■ 35^ = Iq © 14 © 1_4 © 62 © 6 2 © 20o. In this case 
we lead again to anti D2/M2-brane theory by the new effects. Analyzing the bulk solution 
near to the boundary in similar line with [3] next to our knowledge of general forms for the 
marginal operators, guide us to find some boundary fitted solutions. Indeed, we use a single 
scalar instead of the single fermion of [1] , [3] next to setting fermions and gauge fields to zero 
to build the field theory solution with finite action and matching with the bulk facts. 

Yet another alternative and even more proper matching elements on the boundary could be 
gauge fields. Actually, we will use some gauge fields of SU{N) x SU (N) gauge group to build 
the respective marginal operator and solution to match with bulk. The operator is composed 
of elements of the Chern-Simon terms common in M2/D2-branes theories. For simplicity and 
based on some arguments, of course, we just consider one of ?7(A^)'s and so concentrate on 
the famous SU{2) gauge group. Next steps are similar and based on matching the same type 
bulk instanton solution in AdS^ with Yang-Mills instantons on the boundary of 4d SU{N) 
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SYM theory [TT], [12], [13]. As we see this solution is now to match with both common bulk 
solutions here and in [4j. 

The rest of paper organizes as follows. In Section 2, we deal with the gravity side of 
study including the needed material of involved supergravity theories, ansatzs for form-fields 
both in lOd and lid, associated supergravity spectrums, clear solutions, charges, actions and 
some related gravitational discussions. In Section 3, field theory side is addressed. There 
we continue with matching bulk solution to the boundary by correspondence and find plain 
boundary solutions; while in the separate Section 4, we study the boundary solutions because 
of turning on the Yang-Mills gauge fields and how to adjust with the bulk solution. Section 5 
includes summary and some related issues may not addressed in other parts. 



2 On Gravity Side Aspects 

2.1 Background Geometries and Fields of M2/D2-Branes, Actions 
and Equations of Motion 

We first review the needed materials for D2/M2-brane supergravity theories that is mainly 
from ABJM [5]. One always starts from M-theory over AdS^ x S'^ with N unit of 4- form flux 
as: ^ 

dsl = ^dsl,s, + R''dslr (2.1) 

Gf ~ NSAds, (2.2) 

where R, N and Sacis^ are the curvature radius of lid target-space, the initial number of flux 
quanta and unit volume-form of AdS^, respectively. For AdS4^ metric in Poincare upper-half 
plane coordinate with Euclidean signature we use 

R^ 

ds%AdS4 = '^(^^'^ + dxidxi), i = 1, 2, 3 (2.3) 

where R = Rj = 2RAds = 2L. For S*^, when considered as a fiber-bundle on CP^, we write 

ds% = ds^ps + {dip + cof, (2.4) 

where is the fiber coordinate with a period of 2tt and w is a topologically nontrivial one form 
related to the Kahler form J on CP^ (indeed J = du) and dual to the Reeb killing vector 
of d^. In the last metric, the original isometry symmetry of S*^ breaks down as S0{8) — ?• 
SU{A) X f/(l), where SU{A) is the isometry of CP^. After taking the orbifold Zk of 
coordinates transverse to M2-brane world-volume, these 8 scalars convert as Xj — e^'^'^^^Xj 
with (J = 1,2,3,4) and ip — )■ ({)/k and of course M-theory is now over AdS4^ x S"^ /Z^. When 
k becomes large (indeed k — > oo), the M-theory circle becomes small and a better description 
is 10-dimensional type IIA string theory over AdS^^ x CP^ with N = kN unit of 4-form flux 
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on the quotient space: 

ds\B.jM{iiA) = [ds'Ads, + ^dslps) , R^ = ^ = (2-5) 

where A = N/ k is the 't Hooft couphng of boundary theory and the approximation is vahd 
when A ^ 1 and also ^ A^. We now have unit of 4-form flux on AdS^ and k unit of 
2-form flux on 2-cycle CP^ C CP^ as 

Ff = dAf) = A:J, Ff = dAf = ^i?^^, H, = dB2 = 0, e'^ = ^ (2.6) 

o K 

with £^4 as the unit-volume form on AdS^ and B2 as NSNS 2-form field of type II theories. 

We now comment on the actions from which above backgrounds arise and our solutions 
have to satisfy the equations of motion as well. First we concentrate on lOd type IIA su- 
pergravity action and equations we working with mainly, while lid supergravity discussions 
come in its own place briefly. The lOd type IIA supergravity in string frame always reads 



e-^'^ [Adcj) A *d(P - -H3 A *H3) 

(2.7) 



- A *F2 - ^^4 A *F4 - A F4 A F4 

where F4 = dA^ — Ai AH^ and the Hodge-star operation is with respect to the full lOd metric. 
Among the EOM's for the form-fields, metric and dilaton, the dilation equation is satisfied 
trivially for ABJM as the dilation take a constant value, = and that Ricci-scalar R 
vanish for the involved geometries. The formic equations that new solutions should satisfy, 
with i^s = 0, are as well 

dFp = 0, d*Fp = 0, (2.8) 
ci(e-2'^ * H3) = -F2 A *F4 + ^^4 A F4 (2.9) 
where p = 2,4. The Einstein equations 

Rmn - IomnR = -8Tt,^ + T^,% + e+^^T^\ + e+^-^T^V (2.10) 

where the capital indices M,N,... are for the lOd space-time directions, satisfy with the 
ABJM background. But we should note that as long as we don't interest in changing of the 
background geometries, we should adjust the added fields so energy- momentum tensors on 
the right hand sides (RHS) vanish because of the extra effects. Nonetheless, as we argued 
in the previous studies [2], [1] even thought there may be some small back- reactions on the 
original background, one could simply ignore in a probe-brane limit or because of holographic 
renormalization [T3]. However, we see here that back- reactions are small when we add few 
branes in parallel directions with the original ones or vanish when we add a skew-whiffed 
version of the former branes, i.e. some special anti-branes. 
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2.2 Ten-Dimensional Ansatzs and Solutions 



The ansatz we consider for 4-form field-strength of lOd type IIA supergravity over AdS^ x Mg, 
with Mg as a common 6d internal space, are 

4' = (/lAf ) ^ = dh A + AFf ) (2.11) 

F^^^ = df2 A dx A dy A dz (2.12) 

Ff^ = rf(^) Arfx ArfyAti^ (2.13) 

where /i, /2, /3 are some scalar functions in terms of bulk coordinates. The identity in fl2.8p 
satisfies trivially and from satisfying d * = we obtain the following differential equations 

ctit^ u du 

^hiu) AdU;u)_ 



respectively. The solutions so are 



f^{u) = c^ + C2u' (2.17) 
/2(«) = C3 + ^ (2.18) 

h{u) = '^f 3 (2-19) 

where Ci, C2, ... are some constants related to the object charges we encounter more. Now, we 
note the operators Li,L2,L3 are invariant under the following conformal transformation 

O (2.20) 



where il,iy, ... we use for four AdSi directions and r = a/xjX*. The conformal transformation 
maps a point at infinity to another at origin meanwhile interchanges the boundary conditions. 
In other words, the compact space in now S'^ x CP^{S'^ / Z^) with a normal vector reversed 
and the sign of 4-form fluxes changes because of the sign changing of by the map. In our 
case it transforms instantons to anti-instantons actually. We come back to this point later. 
On the other hand, the metrics (12. ip and (12.51) and also 4-form fields are invariant under this 
transformation. Therefore, as f{u) is a solution also is /( („2"r2) )- fo^'i^ (I2.17P we have 

3 

fl{u) = f\u, u- 0, uo) = ci + (2.21) 

[[u — UqY + u^\-^ 



6 



this is indeed the boundary to bulk propagator. With cy = 0, (12.191) leads to same structure 
while we put fl2.18p aside for now in there is no new thing and refer to [15] for a similar study 
in type JIB theory. This conformally transformed solution is same as that already met in [1] 
as a skew- whiffed solution attributable to anti D /M-instantons. This solution is also of similar 
type with D-instanton in type JIB supergravity over AdS^ x pi], [12], [13] . 
In order to see what happen really for our ansatzs based on solutions and under the transfor- 
mation fl2.20p . we could write 

Fi'^ = if liu) - ^Aiu)) £, Fi^'^'^^) = ±Ir'c,£, (2.22) 

= -u^Mu) £a i^i'"'''^ = ±804^:4 (2.23) 
^ = u'M4j ^4 Ft^''^ = ±^£, (2.24) 

where 'on /'s stands for the first derivative with respect to u, cs = c^/cq and the upper sign 
+ is for the original solutions while the lower one — is for the conformal transformed ones. 
Note here is required that for 

ci = 1, C4 = cg = (2.25) 

above solutions matches with the original ^4°^ in (12.61) and by conformal transformation 
matches with its skew-whiffed exactly. 

So far, these added branes or anti-branes back-react on the original geometry although a neg- 
ligible amount. However, we now see that for some other values of the constants they don't 
back-react never. We remember that on the RHS of the metric equation f l2.10p there are 
energy-momentum tensors. In the case, we should try to cancel the competitor terms because 
of the added branes in the related tensor 



rpF4, _ _J_ 



A W T^PQR ^ r, F TpPQRS 



(2.26) 



for which we just look in 74^5*4 components as for our forms the internal components vanish 
trivially. So, to nullify the back-reactions we have to set 

ci = -2, C4 = -i?V4, Cs = -A/R^ (2.27) 

Therefore, needing no back-reaction because of the added effects on the original background, 
leads us to a special skew-whiffing. This in turn means that we are adding supersymmetry 
breaking anti D2-branes so that resultant theory is for anti-membranes. One may also note 
that for the conformal transformed solutions don't back-react on the main geometry, we 
should take the opposite value of the constants of (I2.27p . For both cases and all 4-forms, the 
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energy-momentum tensors vanishing so implies the solution we have indeed is 



^4 




(2.28) 



All together, one may note that we indeed have added some electric D2-branes and anti D2- 
branes in same directions with the fundamental near horizon branes in ABJM. Nevertheless, 
the interpretation may be as some fluctuations on main branes and not specially as new added 
branes. Anyhow, when we add D2-branes with solutions in (12.171) . (I2.19p and positive values of 
the constants we absolutely have some back-reaction even that small while with embedding the 
special anti-branes with solution in (I2.2ip and just with special negative values of the constants 
in (I2.27P we can avoid back-reaction. We also should note that for the special values of the 
constants in (12. 25 p . the solution has same structure as ABJM while with negative values there 
is an exactly skew- whiffed version there in (12. 6p . Both the later cases result in back-reaction. 
Therefore, we mention again that to abstain from back-reaction one may consider interactions 
between the main branes of ABJM with the special anti-branes added or main anti-branes 
with special branes added. 

Therefore, we can have two bulk theories. One that preserves all supersymmetries and one 
that breaks all supersymmetries. The former is when same branes with ABJM are included 
while the latter is when one add anti-branes or some skew-whiffing of the original ones. In 
both cases the real scalar / here sits in Iq or is a singlet of SU{A) x f/(l). But we should 
note when one look at already known spectrum of the involved supergravity theories on the 
associated spaces [3], [B], see that the massless scalars sit in 35^, — )■ 15o © IO2 © 10_2 of 
5*0(8) — )■ SU{4:) X U{1) for the original supersymmetric Af = 6 theory and also for the skew- 
whiffing 8c -H- 8s of ABJM with A/" = we recently considered in [1], [1]. In other words, 
scalars, fermions and gravitons are originally in the representations 8^, 8c and 8^ of SO (8) in 
ABJM, respectively. For now and having a SU (4)-singlet scalar in the bulk, we should swap 
the representations 8^ and 8^, for supercharges and scalars in ABJM while fermions remain in 
8c unchanged. So our new skew-whiffed representation and original ones relate as 



note that the gauge bosons sit in same representation for all three gravitinos. Now we have 
a uncharged SU{4:)- singlet scalar (Iq) with the skew-whiffing of 8^ ^ 8^,. It is mentionable 
that we indeed have a real scalar in the bulk because of its origin from a 3-form completely 
in the external space of AdS^. 

Here is proper to discuss on the (anti) brane charges. According to the standard formula 




28^, ^ lo © 62 © 6_2 © 15o 




(2.30) 
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where /t^ = ^{2ny, and making use of the following relations 

'^^-l^'- P-^^) 

based on the solutions fl2.17l) . fl2.19p or (12.211) . one simply obtain 

where the full volume of CP^ and AdS^ are factored out for electric and magnetic charges, 
respectively and that C can be used for the overall coefficients in f l2.22p . f l2.23p and f l2.24p . 
We see the electric charge is tiny as A ^ 1 and in general both charges are small compared 
with the background one. That is because if we use, for instance, the constants in fl2.27p 
the resultant charge is a very small fraction of (almost zero) justifying more that back- 
reaction can be ignored absolutely. Remember that plus sign is for branes and minus sing is 
for anti-branes. 

The respective contributions from the fifth sentence of the action (12. 7p based on the solu- 
tions, like charge, become 

2 

SFnst. = -J^^ (2-33) 

where the full lOd volume Vo\{AdS4 x CP^) is factored out as a common factor. We again 
see that the corrections induced by new effects are really small. 



2.3 On Ansatzs and Solutions in Eleven-Dimension 

Statements in the last subsections on D2-branes are valid in case for M2-branes in general. 
More clearly, the ansatzs and solutions there are valid in the lid supergravity theory over 
AdS4^ X S'^/Zk (with S'^/Z^ = CP^ x S^/Zk) and satisfies the identity and equation 

dF^ = 0, d *n + 1^4 A F4 = (2.34) 

with a note that unit-volume form in the 7d internal space is 

^7 = ^-''^ A 67, eli/z^ = ^{d^ + ku) = e^ (2.35) 

which next to (I2.3ip are useful in evaluating the actions and charges of the added (anti) M- 
branes. The issue of back-reaction is also exactly same as the former (anti) D-brane case, 
while we don't have dilation or any more fields here. Another point to say is the ansatzs 
for F4 are invariant under any internal isometric symmetry and specially 5*0(8), which is a 
special case with /c = 1, 2 here. 

An interesting issue to address is the uplift of solution to eleven-dimension with its margins 
and interpretations. But before that, one may note the original solutions we have are point- 
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like in the external space similar to [12], [13] and not necessarily in full 10- or 11-dimensional 
space as [llj. Indeed the solution fl2.27p and also that in [4] may be considered as smeared 
over CP^ or S'^ /Z^^ while the original solutions f l2.1ip . fl2.12p and fl2.13p are originally smeared 
not only on six or seven internal directions but also on three coordinates of the bulk. Namely, 
they are smeared in D2(M2)-branes world-volumes as well and localized just in u. 
To uplift, we first note the energy- momentum tensors, because of new branes, vanish exactly 
when the constants are (12.271) that means adding special anti M/D-branes. This in turn means 
that in absence of back-reaction, our thought kaluza-klein truncation is consistent (look at 
[T6] for instance). This point out the lower dimensional fields don't serve as sources for the 
upper dimensional ones. So, we try to build a full lid solution of the 4d Laplace equation. 
A solution localized in full lid space, with all eleven indices for the Laplace equation, can 
be set with an ansatz as f{xi,ym) = G{u)F{u,y) with y considered as the eight coordinates 
transverse to M2-branes world- volume and u = y^y^y™, m = 1, . . . , 8. In same lines with [T7] . 
one can show that 



F{u, y) = cio + J— — ^ — G{u) = Ci2U^ 



3 3 3 3 

f[u,u,y) =ci3 + — — ^ — X = {x,y^ 

"^■-yor + {u-uorf \X-Xo\^ 



(2.36) 



where the eleven bosonic collective coordinates Xq = (xq,?/™) represent the M-instanton 
position in full lid Euclidean space. This instanton solution may be a wormhole connecting 
the asymptotic AdS x S'^/Zk space and a flat space at the instanton location [H], [H]. It is 
also notable the solution (I2.17P can be considered as mq — )■ oo limit of (I2.36P and so (I2.17P 
suits to a large instanton. On the other hand, that in (I2.2ip is the uq limit of this lid 
localized solution and so it suits to a small instanton. We return to this point soon. 



3 On Field Theory Side Aspects 
3.1 M 2 /D 2- Branes Standard Lagrangian 

We just mention the explicit SU{A) invariant lagrangian of the ABJM [S] model, which is 
at hand here. For M2-branes of lid supergravity the near horizon geometry is ^4^5*4 x S'''. 
Because of ABJM, when N stacks of these branes probe a C^/Zk singularity, the world- volume 
theory of branes is a A/" = 6 conformal Chern-Simon matter field theory with a quiver gauge 
group of U{N)k X U{N)^k. The matter fields transform in the bi-fundamental representations 
of the gauge group with the Chern levels of {k,—k). In a special limit when the 't Hooft 
boundary effective coupling of A = N/k ^ 1 and k^ N, a. better description of gravity 
theory is type IIA supergravity over 74^5*4 x CP^. In the procedure, S'^ is always considered 
as a U(l) fibration on CP^. On the field theory side, this U{1) symmetry matches to U{l)b 
with b for baryonic sjnnmetry. 
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The SU{4)ii X U{l)b invariant standard action for M2/D2-brane theories now is 



Sabjm 



where 



ferm 



d^x < — e^""^ tr i A^AyAx + -A^A^Ax - A^A^Ax - -A^A^A^ 



ferm 



tr{YlY^ilj^^ipB - Y^YlipBip^^ + 2Y^y1^a'^^^ - 2YIY^^^^b 
+ e^^^'^Yli^sY^^i^o - SABCDY^r'Y^i^''^) 



(3.1) 



(3.2) 



47r2 



V,os = -^tr{Y^YiY^YlY''Yl + yIy^yIy^Y^^Y"^ + AY^yIy'^YIY^Y}, 



are the Bose-Fermi interaction term and scalar bosonic potential, respectively- note here 
that /i, I/, ... stand for 3d Minkowski indices. The matter fields are four complex scalars Y^ 
{A = 1,2,3,4) and four three-dimensional spinor ipA, which transform in the bi-fundamental 
representation (4i,4„i) of 5't/(4)R x f/(l)fe. The gauge fields and A^ couple to the matter 
fields $ (Y^ or ipA) by nieans of the covariant derivatives 



(3.4) 



where the field-strength for A^ is also given. The conventions for metric, Clifford algebra and 
real gamma matrices in original Minkowski signature read 



7]^^ = diag{-l, 1, 1), {7^, 7^} = -2r]^ 



r 



(ia2, cTi, 0-3), £012 = -1 



(3.5) 



where cri^2,3 are usual Pauli matrices. It is also mentionable that traces take on N xN matrices 
of the gauge group keeping the gauge invariant quantities and that normalization for the U {N) 
generators of t°- is set as tr(t"t^) = 

This lagrangian was first studied in [5], [7] whilst the Af = 1,2 superfield formalism of theory 
was presented in [19], [7] next to some other related aspects that were also surveyed in [20], 
[21] . In [22], it was shown that for the special case of = 2 M2-branes, the Bagger-Lambert- 
Gustavsson (BLG) theory is a special case of ABJM with the gauge group of SU{2) x SU{2). 
Indeed, for the special cases = 1, 2, the SU{4) R-symmetry of ABJM is enhanced to S'0(8) 
and therefore J\f = 8 owing to monopole operators 
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3.2 Matching the Bulk Solutions to the Boundary 



For a scalar field in bulk of AdS^ when approaching the boundary at n = of the Poincare 
upper-half plane coordinates (12.31) . behaves like [8j 

f{u, u) ^ a{u) u^- + (3{u) (3.6) 

where Azp are the roots of {mLY = A(A — 3). For a massless scalar, Azp = 0, 3 from which 
we use A+ = 3 that corresponds to the normalizable mode in the bulk, a and /3 play roles 
as source and vacuum expectation value of a marginal operator of the conformal dimension of 
A+ = 3, respectively and vice versa for A_ [8], |2^ . 

Such a scalar can be quantized either with Dirichlet boundary condition (5a = (which can use 
for any m?) or with Neumann or mixed boundary condition 5/3 = (which can use when the 
scalar masses are in range of —9/4 < m^L^ < —5/4 ensuring stability too). For the Dirichlet 
boundary condition, stability requires the scalar mass obeys Breitenlohner-Freedman (BF) 
bound m?LP' > —9/4 [25]. These boundary conditions preserve the asymptotic symmetry 
groups, lead to finite energy and correspond to two boundary CFT's. The usual CFT is that 
for which a source a couples to an operator of the dimension A+. Anyway, we now note that 
for the solution in (I2.17P both a and P are constants, for which we will propose an operator 
of the conformal dimension of 3. Meanwhile, for the solution of (12.211) the procedure here is 
same as that outlined in [4j. Indeed, comparing (I2.2ip with (13. 6p we can write 



«(w) = /o(«), Piu)= (3.7) 

\U — Mol 



for a localized object on the boundary the source of fo{uo) is indeed a delta function 6^{u — uo) 
and we have 

1 5W\a] 

^mu)U = -^^ = P{u) (3.8) 

in which W = —Son- shell are the field theory generating functional and the bulk on-shell 
action we evaluate bellow. Then in language of [9], because of turning on the normalizable 
bulk scalar mode we should deform the action as S — ?■ S* + W ^ where 

W =-- f d^u a{u) Osiu) (3.9) 



3 , 

with noting that for our solutions a = Ci and the plain forms of operators come soon. 



3.3 Boundary Solutions and Correspondence 

First we remember that our ansatzs for F4 are SU (4) and 5*0(8) invariant and actually singlet, 
in addition they don't carry any U{1) charge. So, the dual operator O3 should have same 
property. Nevertheless, we already know the normalizable mode may be considered as a 
different sate in the same theory and not necessarily as a deformation of that [2l] . This fact 
suggests the dual operators have same structures as the main lagrangian (13. ip terms. This 
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statement is confirmed in some previous studies on the spectrums and Bogomol'nyi-Prasad- 
Sommerfeld (BPS) operators to which the bulk modes agree [26], [27], [30|,[29]. The common 
proposed marginal operator dual to bulk scalars can read 

ds = tr(x[^XiX^lxf^X-^Xj]) (3.10) 

where suitable trace subtractions is mentionable. This operator has of course same structure 
with the scalar sextet potential in BLG and ABJM model as if one use Y"^ = + iX^~^^, 
the ABJM scalar potential ([33]) coincide with BLG one, which is -^63 [22]. [7]. 
On the other hand, we recall that we have two types of solutions. One may attribute to 
adding some D/M-branes in same directions with the original ones in near horizon of ABJM 
and thus preserving all symmetries and supersymmetry. While the other one may attribute 
to adding some anti D/M-branes with a flipped direction with respect to the original ones 
because of the conformal transformation (I2.20p . again preserving all symmetries but breaking 
all supersymmetries. Now for both cases we try to build solutions. 

By the way, we know that massless scalars in original ABJM theory sit in the representation 
35^ ^ 15o © IO2 © rO_2 of ^0(8) ^ 5f/(4) x f/(l) with ^ iY^,Yl). This marks the 
f/(l)-natural ones are in 15o while our bulk scalars are singlet; Iq. But no problem; because 
the representation for Y^Y\ is 4i ® 4_i = 15o + lo and so form (I3.10p one can easily see there 
is a S'f/(4)/j X U{l)b- singlet. Therefore, with a more intimately 3d operator composed of the 
ABJM scalars like 

= tr{Y^YlY^YlY^Y^) (3.11) 
to agree with a bulk solution like fl2.17p with respect to (13. 8 p and (13. 9p . one may simply set 

Y"^ = Y\ = Ci^Inxn (3.12) 

where Inxn is the unitary or identity matrix meanwhile no striking point seems to appear 
for the case. But for the conformally transformed or skew- whiffed solution of (I2.2ip . which 
corresponds to anti M/D-brane theories, the situation is intersecting. 

As discussed in (12. 29 p . for the skew- whiffed bulk solution, we should exchange the repre- 
sentations s and V for supercharges and scalars of ABJM so now scalars sit in 8^^ — )■ 8^ = 
I2 © 1_2 ©60, according to which we break up the scalar fields as X^ = (y", y'^, y^) ^ (?/", y, y) 
with n = 1, 6, ?/ = y"^ + iy^ and for simplicity y = y^. The situation is similar with [T], [1], 
where we had a single fermion instead of the scalar here. Making use of just this single scalar 
along with setting other six scalars to zero, the marginal operator from (13. lip reads 

Os = tr{yyf (3.13) 

meanwhile there are still other ways to build such an operator among scalars. It is simple 
to see that with = the scalar potential from the action of (13. ip vanish. Afterwards, by 
setting the gauge fields and also fermions to zero and with respect to (13. 9p . the remaining part 
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of lagrangian reads 



■inst. 



tr{diydiy) - -^tr{yyf 



(3.14) 



next taking y = ih{r)liy.i, we arrive in 




) 



1/2 



h{r) 



- 1/2 



(3.15) 



with c another constant. Then based on the current solution with Ci = 1 the finite part of the 
action becomes 



Now as the main test for the correctness of duahty, we see the one-point function of 03{u) 
based on the solution is same as f3{u) in fl3.7p up to some constants, which adjust together. 

To sum up the subsection, we remind that our bulk solutions with JV = 0,6 supersymmetry 
have some equivalents in the ABJM SU (4)/? x f/(l)f,-invariant action especially for k > 3 when 
we use the Hopf- fibred S'^ /Zk = CP^ xS^/Zk in correspondence with already known spectrums 
|3U] . For k = 1,2, our bulk solution is tantamount to the boundary theory with 5*0(8) R- 
symmetry and so A/" = 8 supersymmetry. The crucial point is that as long as the ABJM 
scalar potential we use to match solutions is 5*0(8)- invariant [23], [22], we can say implicitly 
the solutions here are valid for all /c's; although in general 5*0(8) symmetry combines the 
standard operators like tr(Y"^Y\)^ with monopole-operators to enhance the symmetry [5]. 

Nonetheless, we may still go another way for matching the bulk to boundary solutions. 
That is using other common terms in BLG and ABJM theories. So, we use the Chern-Simon 
terms in the next section. We will see that using the gauge fields is meaningful both in finding 
the boundary solutions for /c = 1, 2 that were obscured in [1] too and also following the lines 
already used for finding D-instantons in lOd type IIB theory over AdS^ x 5*^ versus 4d SU {N) 
A/" = 4 Yang-Mills field theory. 

4 The Bulk Solution from Chern-Simon Action 

We now consider just the universal Chern-Simon terms and gauge fields of the action fl3.ll) 
for M2/D2-branes. For convenience and sake of solution matchings, we put away one group 
of the full U{N)k X U{N)^k] that means then using one of the gauge fields, say Ai. Still 
an even more logical reason doing so may come from a novel Higgs mechanism, where the 
quiver gauge group SU{N) x SU{N) breaks down to SU{N) under certain conditions- look 
at [31j and references therein for instance. Another reason could be parity breaking by the 
supersymmetry breaking solution of [1] on related situations some typical studies are also done 
in [32]. Anyhow, we simply take Ai = —Ai. So, the remaining lagrangian with setting scalars 

^It is notable that one could simply set all fields in the action of p.ip to zero except one real scalar field, 
and then get the wished solution trivially without dealing with any deformation as the marginal normalizable 
bulk mode suggest the boundary solution may be from the main theory and not any deformation of that. 




(3.16) 
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and fermions to zero reads 



k f 2i 

Ccs = -rt^\^^dA+—AAAAA], F = dA + iAAA (4.1) 



47r V 3 

On the other hand, we know that to have a finite action by a configuration, the lagrangian 
density should be nonzero just in a locahzed region of space and vanish at boundary of the 
Euchdean space. It means that for the condition Fij = here, Ai should behaves as a pure 
gauge at infinity or origin. However, it is well-known that all gauge fields with vanishing field- 
strengths at infinity can be classified by an integer number K named as instanton number or 
Pontryagin index [33] 

^ = ^f d\tr{F^o*AFn: *AFf.u = \Sf,opaF^^ (4.2) 
Ibvr^ J^i 2 

with noting of the conformal fiatness of Euclidean AdS^. By using the Stocks-theorem, the 
integral on can be reduced to an integral on dR^ ~ 5*^. So, for our interest we have 

K = ^j^^ 53 "^'^ (^^^^•^'^ + A-^*^) (4-3) 

here is same structure we deal with in the action. Now to adjust with bulk solution in f l2.2ip 
and [1], we use the special singular gauge of 

A -1^) {Ul2 - iXiCT') 

= 2 I 9 ^ 9i9, 9 = t 2 I 2U/2 (4-4) 

J.A _|_ y^Z _|_ ^^ji/^ 

where the gauge field Ai behaves as a pure gauge on the boundary [u — )■ uq) and 5^ is a element 
of SU{N). We use here the simplest case SU{2) of course. This simple case is even more 
relevant in that with A; = 1,2 and SO (8) R-symmetry, the gauge group of BLG is indeed 
SU{2) X SU{2) [22], [7], which is in turn the case with two M2-branes in ABJM [5]. 
Now by evaluating the respective part of the action in (13. ip with hinting that it acquires a i 
factor because of Wick-rotation to the Euclidean space, we have 

Scs = ^ [ tr{A^), S.nst.YM = 47rfc (4.5) 

where we have taken the integral on the north pole (m = 1, u = 0) of unit-sphere with noting 
that F = for pure gauge. We see this is same value with that got in [1] by another way and 
also with that in ( 13. ip nearly. Note also the topological charge here is K = —1. 

As an other side, we try to follow similar lines with [13], [IT], where instanton was indeed 
a D(-l)-brane inside N background D3-brane world- volumes. To do so, we note the instanton 
charge we have because of adding some anti D/M-branes is 



Qinst.= / *{d*df) (4.6) 

J AdSiXCP'i\S'' /Zk 
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where / is that in fl2.2ip and Hedge-star operation just here is in 10- or 11- dimension. By 
noting the last integrand is indeed Laplace equation, we have 



lim / d^x — 



(4.7) 



inst. 



Wol{dAdSi) 



finally where the internal space volume is factored out. 

On the other hand, we recall the conformal transformation (I2.20p allows us to relate the 
behavior of system at origin and at infinity, where the associated asymptotic spaces may 
connect by a throat. In other words, the original solution f l2.17p for branes is singular at 
infinity in contrast to its conformally transformed (12.211 for anti-branes, which is singular 
at u = 0. The latter corresponds to a small instanton on the boundary that leaves the 
background geometry unchanged. Similar to D-instanton in type IIB over AdS^ x 5*^ in 
string frame, the configuration is composed of two asymptotic AdS^ x S'^ {CP^) spaces one at 
singularity at origin and another at infinity, which are connected by a throat [18], [17]. One 
interpretation may be that we here have branes at infinity and anti-branes on the boundary, 
which are connected by a throat from which the instanton charge fiows. With this language, 
the instanton number K in (14. 3 p may be identified with the instanton charge Qinst. as 



In is mentionable the solution of (12.211 matches to a small Yang-Mills instanton when we ap- 
proach the boundary at m = 0. In other words, three coordinates of uq describe the instanton 
location while the scalar parameter uq is for the instanton size. They are indeed four moduli 
space parameters of 5'0(4, 1)/S'0(4), where 5*0(4, 1) is the isometry group of Euclidean AdS^^ 
and 5*0(5) is a subgroup consists of rotations, translations and special conformal transforma- 
tions keeping invariant instanton up to some gauge transformations. We should also note that 
one can gain SU{N) instantons by some embedding of SU (2) instantons into SU{N) so that 
various embeddings lead to various configurations 

Further, we note that because of the presence of D-instanton on D3-branes, the gauge 
field F on D3-brane world-volume couples to the axion field of Aq with Fi — dAo as Sy\/z ^ 
J AqF a F [12], [13], [11]. What we can say here? We may roughly name the object some M- 
or D-instanton; but a more probable counterpart may be Fq = df as Swz ~ / FqA A A A A. 
Indeed by taking 10- or 11-dimensional Hodge-star on the latter 1-form and then taking 
exterior derivative, the ^4^5*4 part of the resultant 10-form is the integrand in (14.61) . In a 
known language, this 0-form is named as Rommans mass, which play here similar role as if 
was a D(-2)-brane in type HA like D(-l)-brane in type IIB. Indeed it was already shown in 
[35] there are such Af = supersymmetry breaking solutions of ABJM. 





(4.8) 
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5 Summary and Comments 



This work is on trail of recent studies [T], [2], [3], [1] in searching for vacua and mainly 
instantons of M2/D2-brane theory in framework of AdS4/CFT3 correspondence. We applied 
some 4- form field-strengths of 10- and 11- dimensional supergravities in terms of complectly 
AdS^ ingredients to stand some solutions in the bulk. Actually when the EOM's apply to 
ansatzs, we have a solution just localized in the horizon coordinate of u, which is of course 
associated with some special brane adding on same directions with the background ones. As 
the solutions are invariant under a special conformal transformation we then gain a special 
skew-whiffed solution localized completely in Euclidean AdS^ avoiding back-reaction. This 
solution-also in [1]- is associated with branes with flipped directions with respect to the main 
D2/M2-branes in near horizon of ABJM model |5j that breaks all supersymmetries while 
preserving other symmetries of the original theory. Because the bulk normalizable mode is 
a SU{4:) and S'0(8)-singlet massless scalar natural with respect to U{1), the dual boundary 
operator with conformal dimension of A+ = 3 should be also same singlet. On the other 
hand, from known spectrums of the gauged supergravities on the associated spaces AdS4^ x 
S'^/ZklCP^ one see when the gravitinos are in Sg^c, the uncharged scalars are in 15o of 
SU{4:)] while for the gravitino 8^, they are in both Iq and 20o. However, this is invalid for 
= 1,2 of the quitrent space S'^/Zk [30]. The form of such marginal operators are of same 
type with sentences in the main ABJM lagrangian (13. ip [24J conjectured also in [26], |27j . 
[28] . For the current case, they are in turn of same structure with the bosonic potential 
of (13. 3p . For the thought added branes, the operator is trivial meantime for anti-branes we 
should swap the representations 8^ and 8„ for supercharges and scalars in ABJM while the 
fermion remain fixed in 8c. After that, we used a single scalar to built the dual operator and 
then by making use of known AdS/CFT duality rules [8], [9], we matched the bulk solution 
to a clear boundary one found. In addition, we used another possibility to match with the 
fully localized bulk object, suitable for k = 1,2 cases particulary. That is the Yang-Mills 
fields of the common Chern-Simon terms from the standard M2/D2-brane lagrangian |22j . 
[7], [5]. With keeping just one of the gauge group and then a SU{2) subgroup, we found a 
dual boundary solution equivalent to the instanton of AdS4/CFT3 duality [11], [12], [17], [13] 
where a Rommans mass Fq here may play a similar role as the axion Aq there. 
Another point to say is about the magnetic dual of these new D2- and M2-(anti) branes. 
Indeed, we note the magnetic duals of the 4-forms here couple to D4-(anti)branes and M5- 
(anti)branes, respectively. Then, the world-volume of such (anti)branes supposed to wrap 
around some five and six directions of and A 67, respectively. That is a similar situation 
already encountered in [4], where anti D4-brane supposed to wind around J"^ A u and its 
uplifted anti M5-brane in lid supposed to wind around J"^ A u A dip. 

Finally, we saw for the special combination of the constants in solutions the back-reactions 
are vanished and so we argue the bulk scalar don't disturb the upper dimensional fields as a 
truncation supposed now to be consistent [16], [H]. However, although the supersymmetry 
always ensures stabihty and the skew- whiffed solution is stable just for S'', for similar situations 
here the stability is already established [25] . 
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The world of somebodies is smaller that a village among a world of almost 170 billion galaxies 
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